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造成发育迟缓。犬钩虫是寄生于犬的钩虫，Caenorhabditis elegans 在 dauer 时期
的行为、形态和功能与钩虫 L3 期极其相似。另外，C.elegans 从 dauer 时期进入
L4 期的机制也与钩虫 L3 感染宿主的机制比较相似。本文根据犬钩虫 EST 库从
中筛选出与模式生物 C.elegans 同源基因，根据这些序列设计一系列引物，以犬
钩虫 cDNA 为模板，扩增 C.elegans 同源的基因片段。 
为了解犬钩虫中 ANT-1、FTT-2、RETR-1 和 NTE-1 的功能，我们对犬钩虫
的 ant-1、ftt-2、Retr-1 和 NTE 基因进行了克隆和表达鉴定。我们通过 RT-PCR
对这四种基因的 cDNA 进行了扩增，获得的 cDNA 片段大小分别为 700bp(ant-1)、
1200bp(ftt-2)、1300bp(Retr-1)和 800bp (NTE)。对这四种基因进行克隆，获得的阳
性质粒通过酶切验证和测序。将测序正确的片段构建到不同的原核表达载体上，
构建重组表达质粒并转化到大肠杆菌 BL21(DE3)中用 IPTG 诱导表达，
SDS-PAGE 分析表达情况。 
运用 SDS-PAGE 凝胶电泳对表达结果进行了分析，发现重组蛋白分子量大
小分别为 46kDa (ANT-1)、45kDa (FTT-2)、56kDa (RETR-1)和 20kDa (NTE-1)。
进行了重组蛋白的纯化和免疫获得相应抗体。用 Western Blot 检测了这些蛋白在
L3、雌虫时期的表达情况，结果表明这些蛋白在 L3 和成虫中均表达。 
RT-PCR 的结果显示，ant-1 的 mRNA 转录在雌虫、雄虫、杆状蚴和丝状蚴
中均有发生；ftt-2 的 mRNA 转录在雌虫中含量 高，丝状蚴中 低；retr-1 的
mRNA 转录在雌虫、雄虫、杆状蚴和丝状蚴中均有发生，但在丝状蚴中表达量




体内分布广泛，在钩虫的卵、L1/L2、L3 和成虫时期均有表达，在 L1/L2 期中，

















FTT-2 在钩虫各个时期均有表达，在 L1/L2 期，主要分布在食道腺、肠道等
部位，头部、尾部基本没有检测到荧光，L3 期以及成虫切片显示 FTT-2 主要集
中在食道腺、生殖腺原基部位，其荧光较亮。 
RETR-1 在虫卵中荧光强烈，在 L1/L2 期，RETR-1 只分布在肠道，其他部
位基本没有检测到荧光，L3 期分布广泛,成虫切片免疫荧光定位显示 RETR-1 分
布在肠道、卵巢等部位。 
NTE 在虫卵中有明显的表达，荧光强烈，在 L1/L2 期，几乎没有检测到荧






















Hookworms are important intestinal parasitic nematodes. The dauer stage of 
C.elegans is morphologically, behaviorally, and functionally analogous to hookworm 
L3. The molecular biology of dauer recovery is well-defined, and has provided an 
useful information for investigation of the molecular biology of hookworm infection. 
A series of primers were designed according to the EST library of A.caninum and the 
genomic information of C.elegans, and we got cDNA fragments of C.elegans 
homologus genes from A. caninum by RT-PCR. 
In order to study the function of ANT-1, FTT-2, RETR-1 and NTE-1, the cDNAs 
encoding ANT-1, FTT-2, RETR-1 and NTE-1 were amplified by RT-PCR from A. 
caninum mRNA. The fragments of cDNAs were about 700bp(ant-1), 1200bp(ftt-2), 
1300bp (Retr-1) and 800bp (NTE) respectively, and the amplified products were 
cloned into pMD-18T vector. After PCR screening, enzyme digestion, and sequencing, 
the right sequence of plasmids were digested by enzymes and ligated with expression 
vector digested with the same enzymes, and then transformed into E.coli BL21 (DE3) 
strain.  
Bacterial lysates from cultures induced with IPTG were loaded onto SDS-PAGE 
gel, and a specific band of 46KDa (ANT-1), 45KDa (FTT-2), 56KDa (RETR-1) and 
20KDa (NTE-1) respectively was detected in the SDS-PAGE gel. The purification of 
recombinant proteins and the immunization of mice were undertaken, the antibodies 
were obtained. Western blot results showed that these proteins were expressed in L3, 
and female adult worms respectively.  
RT-PCR results showed that: ant-1mRNA was detected in the L1/L2, L3, male 
and female adult worms; ftt-2 mRNA was detected at the highest level in the female 
adult worm, but at the lowest level in L3; retr-1 mRNA was also detected in each 
stage of worms, but at the lowest level in L3; NTE mRNA wasn’t detected in L1/L2. 















by immunofluorescene antibody staining. ANT-1 distributed in intestine, ovary and 
uterus of adult worms, and also in L1/L2, and L3 larval esophageal gland, as well as 
gonad primordium. FTT-2 expressed in the L1/L2 and L3 larval intestine, esophageal 
gland and gonad primordium. RETR-1 distributed in eggs, L1/L2 intestine and adult 
intestine, ovary. NTE didn’t express in L1/L2, but distributed in egg, L3 larval 
esophageal gland, as well as adult intestine and ovary. 
In order to understand the A.caninum genome information, we got two cDNAs 
fragments of C.elegans homologus cdc-42 and mex-3 from A.caninum by RT-PCR. 
The sequences of cdc-42 and mex-3 were translated and analyzed by softwares. The 
results showed that these genes were homologus to C.elegans CDC-42, MEX-3 
proteins respectively, and their identity were 91.6% and 27.6% respectively. We also 
found the conserved domain of CDC-42 and MEX-3 presents in the amino acids 
sequence of these two proteins in A.caninum, respectively. 


























































图1 人类钩虫感染全球分布现状  
（引自:De Silva N R ,Brooker and Hotez P J 2003[2]) 
钩虫生活史分为 6个时期，各个阶段的形态分别为虫卵、L1、L2、L3、L4、
成虫等 6种形态。钩虫虫卵椭圆形,两端钝圆,卵壳较薄,无色透明,卵内通常含 4 
个细胞。L1、L2 期幼虫体壁透明,前端钝圆,后端尖细。口腔细长,有口孔,咽管
为典型的杆状形。L3 期幼虫体表覆有鞘膜,口腔封闭,有口矛,咽管细长,约占虫
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